Hypotension and bradycardia are common in carotid artery stenting (CAS) and are particularly worrisome in the high risk patient who is typically referred for CAS. The purpose of this work was to assess the incidence and predictors of hypotension and bradycardia and the risk of their delayed occurrence after CAS.
H
ypotension and bradycardia can occur during or after carotid artery stent placement (CAS) due to the stretching of the carotid sinus baroreceptors by the balloon and the stent. The role of this phenomenon as a predictor of adverse outcomes is still debated. [1] [2] [3] [4] [5] Because CAS represents a valuable alternative to carotid endarterectomy (CEA) among the highrisk patient population, 6 patients with severe carotid artery stenosis also having cardiac or cerebrovascular comorbidities are increasingly referred for CAS. Those patients may be more vulnerable to hypotension or bradycardia. In fact, patients with coronary disease undergoing cardiac or noncardiac surgery are at higher risk of myocardial infarction (MI) if prolonged hypotension occurs during the procedure. [7] [8] [9] [10] It has also been suggested that hypotension associated with CAS increases the risk of cerebrovascular events in impairing the distal washout of residual emboli not intercepted by the protection device. 2, 11 The concern about the potential harmfulness of hypotension and bradycardia during or after CAS has enhanced the scientific interest about its risk factors. So far, the reported predictors vary from one study to another. [1] [2] [3] [12] [13] [14] [15] [16] [17] [18] The study end points, as well as the time point and the duration of the vital sign (VS) monitoring, are also highly variable. Absolute blood pressure (BP) and pulse rate (PR) values 2, 3, 13, 14, [16] [17] [18] or absolute decrease in their initial values 1, 3, 16 are used in most reports, and a standardized follow-up time for VS monitoring is rarely defined. 3, 14, 18 This study aimed to assess the predictors of hypotension and bradycardia occurring in the 12 hours after CAS by using the relative decrease of BP and PR as primary end points and the requirement of pressor or anticholinergic drugs as a surrogate end point. Because the current discussion about the safety of performing CAS in an outpatient setting has also increased the concern about the risk of hypotension and bradycardia after CAS, a secondary objective of the study was to evaluate the risk of their delayed appearance and the negative predictive value (NPV) of early (0 -6 hours post-CAS) screening.
Materials and Methods
The study was approved by the institutional review board of the Weill Cornell Medical College, and the procedures followed for this study were in accordance with institutional guidelines.
Patient Population
Patients were identified from a registry maintained by the Weill Cornell Medical College Division of Interventional Neuroradiology. We included all of the patients admitted with a diagnosis of carotid atherosclerotic disease and stenosis who were treated with CAS in our department between December 2002 and January 2007 (n ϭ 93). All of the patients had a minimum follow-up of 30 days poststenting.
Most patients were enrolled in a US Food and Drug Administrationapproved research protocol (Capture 2 or Carotid Revascularization Endarterectomy versus Stenting Trial). 19, 20 Patients who had CAS to treat a nonatherosclerotic lesion, such as a carotid artery dissection or a pseudoaneurysm, were excluded.
Standardized Treatment and Follow-up
All of the CASs were performed as an inpatient procedure. Patients were admitted the morning of the procedure. They were premedicated with 325 mg of acetyl salicylic acid and 75 mg of clopidogrel (Plavix) daily for 3 days and were told to hold antihypertensive medications on the morning of the procedure. The procedures were performed under mild sedation. A baseline angiogram was performed. The stenosis length, the lumen diameter of the stenotic segment, and the lumen diameter of the parent artery segment were measured. An intravenous heparin bolus of 70 IU/kg of weight was administered. An anticholinergic drug (glycopyrrolate or atropine) was administered before angioplasty. The CAS procedure was performed in a standard fashion, including the following: placement of a protection device, prestent angioplasty, stent placement with a self-expandable stent, and poststent angioplasty if necessary. Prestent and poststent angioplasty were performed by using a 4.5-5.5 ϫ 20-mm Viatrac angioplasty balloon (Abbott Vascular, Santa Clara, Calif). In case of very tight stenosis, a preangioplasty was performed by using a 2-4 ϫ 20-mm Viatrac angioplasty balloon. Primary stent placement (without prestent angioplasty) was used only twice. After CAS, the patient's VSs and neurologic signs were monitored for a minimum of 12 hours. The BP and PR were monitored with an arterial line and were recorded every 15 minutes during the first hour, every 30 minutes during the second hour, and every hour thereafter. If the patient had a sustained low systolic BP (BP Ͻ90 mm Hg, lasting Ͼ30 minutes, despite fluid intravenous bolus administration), pressors were started; if the patient had a sustained low PR (PR Ͻ50, lasting Ͼ30 minutes), anticholinergics (glycopyrrolate or atropine) were administered. Sustained hypertension was treated with a nicardipine drip. The patient's home antihypertensors were held during the first 12 hours after the procedure. A follow-up examination was performed at 1 month. Any new neurologic or cardiac events that had occurred in the first 30 days poststenting were recorded. 
Clinical and Radiologic Data

End Points
Hemodynamic depression is considered to be an occurrence of hypotension or bradycardia after CAS. Hypotension was defined as any decrease in systolic BP of more than 40% of the prestent value. Bradycardia was defined as any decrease in the PR of more than 20% of the prestent value. Active treatments of hypotension or bradycardia with either pressor or anticholinergics were separately used as a surrogate end point to overcome the possible omission of some hypotension or bradycardia record in the charts and to separate the clinically significant episodes that were severe enough to require an intervention. 
Statistical Analysis
Univariate analyses were performed to determine whether associations exist between the patient characteristics of interest (Tables 1 and  2 ) and the outcomes of hypotension, bradycardia, and drug intervention for hemodynamic depression. 2 tests and Fisher exact tests were used for categoric variables, and t tests were used for continuous variables. A liberal P value of .15 was used as a cutoff for deciding whether a patient characteristic had a potentially significant relationship with the 3 outcomes. Any characteristic with a univariate P value less than or equal to .15 was retained in a multivariate logistic regression model. A characteristic with a P value less than .05 in the multivariate model was considered statistically significant. A McNemar test of association was also performed to determine whether a relationship exists between a patient's BP and PR status within 0 -6 hours and their status within 6 -12 hours after surgery. Cumulative freedom from hypotension and bradycardia was calculated at different time points by using the Kaplan-Meier method. In several cases, several CASs were performed at different times on the same patient to treat either a restenosis or a contralateral stenosis. For such cases, we used only the data from the first procedure so that all of the subjects entered into the analyses were fully independent.
Results
Population Characteristics and Anatomic and Procedural Data
Between December 2002 and January 2007, 100 CASs were performed on 93 patients for treatment of extracranial carotid artery stenosis. Five patients had an additional CAS performed later, either for a restenosis (n ϭ 2) or a contralateral stenosis (n ϭ 3); 1 patient had 2 additional CASs, 1 for a restenosis and 1 for a contralateral stenosis. One patient had more than 1 CAS performed within 1 month. All of the patients were admitted for at least 12 hours after the CAS. Table 1 gives the baseline characteristics, and Table 2 gives the anatomic and procedural data of the cohort. Intraprocedural asystole occurred in 3 patients and was rapidly reversed with an anticholinergic. No patients needed transcutaneous pacing.
Incidence of Hypotension and Bradycardia after CAS
Baseline VS values were available for 88 patients, and post-CAS values were available for all of the patients ( Table 3) . The maximal percentage decrease in systolic BP and PR was calculated in all 88 of the patients for whom the baseline VSs were found. Twenty-five patients developed at least 1 episode of hypotension, and 33 patients developed at least 1 episode of bradycardia in the 12 hours after the procedure. Forty-five patients (51%) developed either hypotension or bradycardia, 12 (14%) developed only hypotension, 20 (23%) developed only bradycardia, and 13 (15%) developed both. No clinical manifestation of hypotension or bradycardia was found in the charts of any of those patients.
Active Treatment of Hypotension and Bradycardia
Forty-five (48%) of the 93 patients received either vasopressors or anticholinergics drugs (glycopyrrolate or atropine) during the 12 hours after CAS. No patient required transcutaneous or transvenous pacing. Eight patients (9%) were hospitalized for more than 1 night due to hypotension and bradycardia. No clinical manifestation of hypotension or bradycardia was found in the charts of any of those patients.
Factors Associated with Hemodynamic Depression after CAS (Univariate Analysis)
Stenosis proximities (Ͻ10 mm) to bifurcation (P ϭ .03) and older age (P ϭ .047) were significantly associated with hypotension; asymptomatic stenosis (P ϭ .004) and being on antihypertensive medication (P ϭ .03) were significantly associated with bradycardia; and the stenosis proximity to bifurcation (P ϭ .04) and the dilation percentage [(stenosis severity percentage pre-CAS) Ϫ (residual stenosis percentage post-CAS)] (P ϭ .04) were significantly associated with the use of a drug intervention for the treatment of hypotension or bradycardia after CAS. The association of asymptomatic stenosis with hypotension (P ϭ .07); chronic hypertension (P ϭ .11) with bradycardia; and the stenosis severity with the need for a drug intervention (P ϭ .13) after CAS were also considered noteworthy to deserve further analysis with a logistic regression model. The presence of calcification, the number of dilations performed, the stent placement side, the taking of antihypertensive medication, chronic hypertension, diabetes, coronary artery disease (CAD), smoking, and sex and age of the patient were not associated with any of the study end points.
Independent Predictors of Hemodynamic Depression
The stenosis clinical presentation (asymptomatic stenosis), the stenosis proximity to the bifurcation, and the dilation percentage were all independently associated with the study end points. The stenosis severity was marginally associated with the drug intervention requirement (P ϭ .06; 95% confidence interval [CI], 1.00 -1.34). Table 4 summarizes the result of the logistic regressions for those factors. Table 5 gives the distribution of the first and last occurrence of hypotension and bradycardia according to different time point used (0 -3, 3-6, and 6 -12 hours). The incidence of hypotension and bradycardia 6 hours after CAS was 16 (17%) and 24 (26%), respectively. For patients who did have an early episode of hypotension and bradycardia (0 -6 hours after CAS), the risk of having a recurrent episode 6 hours after the procedure was 61% for hypotension and 68% for bradycardia.
Late Occurrence of Hypotension and Bradycardia
McNemar test showed that the presence of early hypotension was significantly associated with its late occurrence (P ϭ .03), whereas the presence of early bradycardia was not (P ϭ .17). Seven patients (8%) had either bradycardia (5 patients) or hypotension (2 patients) occurring, for the first time, later than 6 hours after the procedure. The NPV of early hypotension and early bradycardia in predicting their later occurrence was 97% (95% CI, 93%-100%) and 93% (95% CI, 88%-98%), respectively. Cumulative freedom from any episode of hypotension was 80% in the first 3 hours, 92% at 3-6 hours, and 97% at 6 -12 hours after the procedure. Cumulative freedom from any episode of bradycardia was 73% in the first 3 hours, 94% at 3-6 hours, and 91% at 6 -12 hours after the procedure.
Complications
No patient had a major stroke, 2 patients (2%) had a TIA, and 5 patients (5%) had a minor stroke. Three of the 5 recovered within 72 hours, 1 within 1 month, and 1 had a visual blind spot that persisted at 1 month. This patient had a Rankin Score (RS) of 1 at 1 month. For all of the other patients, the 1-month RS was 0. One patient had a seizure due to a reperfusion injury (mild subarachnoid hemorrhage). No patients had an MI. All of the patients who had a TIA or a minor stroke had either hypotension or bradycardia in the 12 hours after the CAS. Three of them required vasopressors or anticholinergics. The patient who had a reperfusion injury had received vasopressors to treat hypotension and bradycardia.
Discussion
In the published literature, the rate of hypotension after CAS varies from 10% to 42% and the rate of bradycardia from 27% to 37%. [1] [2] [3] 12, 13, [15] [16] [17] [18] To date, the risk factors that have been found to be independently associated with a higher risk of hypotension and bradycardia during or after CAS are as follows: older age, 14, 18 female, 18 previous MI, 13, 18 history of CAD, 14 intraprocedural hypotension or bradycardia, 13 stenosis localization (on the carotid bulb or within 10 mm of the carotid bulb), 2, 3, 16 stenosis length, 3 presence of calcification, 2, 16 fibrous plaque, 16 eccentric plaque, 16 high balloon-toartery diameter ratio, 3 and presence of a contralateral stenosis, 3 ; whereas a history of a previous CEA was found to be associated with a lower risk. 2 In the present study, because the baseline values of systolic BP and PR are variable from one patient to another, we preferred to use their relative percentage change rather than their absolute value. Using this end point, the incidences of hypotension and bradycardia during the first 12 hours after CAS in our study were 28% and 38%, respectively. We fixed a standard time for detection of hypotension and bradycardia at 12 hours, because all of the patients were kept in the intensive care unit for hemodynamic monitoring for at least this much time. We are aware that some hypotension or bradycardia can happen after 12 hours so that the estimated risk of late occurrence of hypotension and bradycardia in our series could have caused us to underestimate the real risk. This limitation is related to the retrospective nature of the study, in which the time to follow-up was established for a clinical purpose and not for research reasons. We also considered the need for drug intervention (vasopressors or anticholinergics) as a surrogate end point to overcome the possible omission of some hypotension or bradycardia record in the charts and to separate the clinically significant hypotension and bradycardia episodes that were considered severe enough to require an intervention. We found that 48% of patients in our cohort received either a vasopressor or an anticholinergic drug in the 12 hours after the procedure.
Considering that stretching of the carotid sinus baroreceptors by the balloon and the stent is incriminated in hypotension and bradycardia, the proximity of the stenosis to the carotid bulb and the magnitude of the dilation performed are expected to influence its occurrence. Indeed, stenosis localization on the carotid bulb was found as an independent risk factor in our series, as well as in 3 previous series. 2, 3, 16 This factor was significantly associated with the need for drug intervention. The risk of developing hypotension and bradycardia significant enough to require drug intervention was also independently influenced by the magnitude of the dilation performed: a larger difference in stenosis severity before and after CAS in our series was associated with a higher risk of developing hypotension or bradycardia that required drug in- tervention. This effect of what we can call "aggressiveness of dilation" on hemodynamic status has been tested in several studies by using different measures, such as the absolute difference between the diameter of the stenosis before and after angioplasty, 2, 17 the absolute values of the stent and balloon diameter, 13 and the balloon-to-artery diameter ratio. 3 Only Leisch et al 3 found an association between the balloon-toartery diameter ratio and the occurrence of carotid sinus reaction during the procedure. On 51 patients analyzed, Pappada et al 17 found the difference between the diameter of the artery and the stenosis to be associated with hypotension after CAS, but this association was not confirmed in their multivariate analysis. Because balloon dilation has also been incriminated for embolisms occurring during CAS, some authors have suggested the performance of carotid stent placement without deliberate use of angioplasty. 22, 23 In our series, the stenosis severity was marginally associated with hypotension and bradycardia requiring drug intervention. This association was independent of the aggressiveness of the dilation performed during the procedure. None of the series published thus far found this factor to be an independent predictor of hypotension and bradycardia.
Asymptomatic stenosis was significantly associated with occurrence of hypotension and bradycardia in our study, but no significant association was found between this factor and the need for drug intervention. There was no significant difference in the stenosis percentage between the symptomatic and asymptomatic groups, and asymptomatic stenosis remained a significant risk factor even after entering stenosis severity in the model. None of the series published so far have found asymptomatic presentation to be associated with hypotension and bradycardia. Qureshi et al 13 found an association between stent placement of a symptomatic stenosis and the occurrence of hypotension. However, this association was not significant in the multivariate analysis (P ϭ .06; 95% CI, 0.005-1.113). The meaning of the relationship between asymptomatic stenosis and occurrence of hypotension and bradycardia in our series remains to be elucidated.
Our analyses failed to demonstrate any significant association of age, sex, history of CAD, and presence of calcification with hypotension and bradycardia. This may reflect a lack of power of our study compared with other larger series, 2, 14 rather than a real absence of association. However, some series entered into the logistic regression model only variables with a P value lower than .05, neglecting the possible confounding effect of other variables and allowing potentially biased associations to appear in their multivariate analyses. 3, 18 In our series, the incidences of hypotension and bradycardia more than 6 hours after CAS were 16 (17%) and 24 (26%), respectively. Most of those patients had a previous episode occurring in the first 3-6 hours after the procedure. The risk of having recurrent hypotension or bradycardia 6 hours after the procedure was high among patients with an earlier episode (61% for hypotension and 68% for bradycardia). This risk was significantly higher for patients with early hypotension. On the other hand, the cumulative freedom from any episode of hypotension or bradycardia tended to increase with time, going from 80% in the first 3 hours to 97% at 6 -12 hours for hypotension and from 73% in the first 3 hours to 91% at 6 -12 for bradycardia. According to our results, the NPV for early hypotension or bradycardia to predict late episodes was high enough (97% and 93%, respectively) to consider their absence reassuring but not sufficient to justify discharging a patient without hypotension or bradycardia less than 12 hours after the procedure. In fact, in the absence of hypotension or bradycardia within 0 -6 hours after the procedure, late hypotension or bradycardia was rare but still possible: in our cohort, 8% of patients experienced a first episode of bradycardia or hypotension occurring later than 6 hours after CAS. Moreover, the fact that patients were asked to hold antihypertensive medications before the procedure and were routinely administered anticholinergic drugs during the procedure, in addition to the relatively short duration of hemodynamic monitoring, can probably reduce the estimated incidence of hemodynamic depression in this cohort. McKevitt et al 24 demonstrated that, on average, hemodynamic perturbations persist for more than 20 hours.
Despite a high rate of hypotension and bradycardia, no major stroke, MI, or death occurred in our series. However, all of the patients who had a TIA or a minor stroke also had an episode of hypotension or bradycardia. The size of our cohort was not powered to find an association between hypotension and bradycardia and the risk of cerebrovascular events after CAS. In a series of 461 patients, Gupta et al 2 found persistent hemodynamic depression (defined as an episode of hypotension and bradycardia requiring continuous vasopressor support) to be associated with an increased risk of periprocedural major adverse clinical event or stroke. Mlekusch et al, 14 in a series of 471 patients, found no differences between the groups of patients with and without hypotension or bradycardia in terms of the neurologic complication rate. As in our series, their rate of neurologic complications was low (7%), so a larger cohort could have been required. So far, the evidence is insufficient for a conclusion regarding the real impact of hypotension and bradycardia on patient clinical outcome after CAS.
Conclusions
Until a doubt remains concerning the harmfulness of hypotension and bradycardia after CAS, its risk and predictors mandate a particular attention. In this retrospective study, the risk of hypotension or bradycardia after CAS is significantly influenced by the degree of dilation performed. Although the absence of early hypotension and bradycardia in the first hours after CAS is reassuring, it does not exclude with certainty the possibility of its later occurrence. Because new onset of hypotension and bradycardia, though rare, can happen up to 6 -12 hours after CAS, a minimum of 12 hours postprocedural VS monitoring is justified.
